Pearl millet (Pennisetum typhoides Stapf et Hubb .) is an important grain and fodder crop of the tropical and subtropical regions of India as well as the world (Burton and Powell 1968) . In view of their importance in cytogenetic studies and breeding of the crop, autotetraploids were produced by colchicine treatment , and their chromosome behaviour and fertility relations in induced autotetraploids were reported by various workers (Krishnaswamy et al. 1950 , Raman et al. 1962 , Gill et al. 1969 and Jauhar 1970 . During the course of cytological examination of inbred lines of P. typhoides (2n=14) spontaneous autotetraploids and triploids were noticed. The chromosome behaviour and fertility of these polyploids was studied over three generations and the results are compared with those reported earlier.
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Materials and methods
In an inbred line IP 482, two sib families were raised from the seed obtained by the fifth generation of selfing, to obtain homozygous lines for total hairy and hairless phenotypes.
In the hairy family, of the 170 seedlings four were more vigor ous than others at the age of three weeks. Cytological checking at meiosis re vealed 2n=28.
From the sib family of hairless plants at three weeks age one out of 150 seedlings was more vigorous than the rest; this was also a tetraploid. In this family all the remaining seedlings were also checked at meiosis to detect poly ploids if any, that may have escaped notice because of no phenotypic differences from diploids.
One triploid (2n=21) was detected in this hairless family while all the rest were normal diploids with seven bivalents at meiosis.
Cytological data on chromosome pairing was gathered from the inflorescences fixed in methanol acetic acid mixture (3:1).
Pollen stainability, as an index of fertility, was studied in smears of mature anthers at the time of anthesis in 2% aceto carmine.
Observations

Morphology
At the seedling stage no morphological differences could be detected between the diploids and the triploid. At maturity however, the triploid produced more tillers and was less fertile than diploids. All the tetraploid plants were more vigor ous than the diploid sibs but tetraploids from the hairy line were more vigorous than those from hairless line. Stem was brittle and succulent; and in the hairy tetra ploids density of hairs was more than in the diploid sibs. Leaves were dark green with wavy margins.
Ear heads were short, thick and compact with sterile tip.
Anther emergence was normal in the hairy tetraploids, but the anthers of hairless tetraploids were half emerged with poor dehiscence. In both the tetraploids the stigmas were more feathery than in their diploid sibs. The tetraploids were late flowering by 2-3 weeks as compared to diploids. Cytology i. Diploids: As already pointed out, in the hairy family 166 seedlings were of normal vigour suggesting that they were diploids; of these 20 plants at random were checked cytologically at meiosis and were found to be normal diploids forming 7 bivalents, with a mean of 12.77 chiasmata per cell (Table 1-1). Plants in nine ad ditional sib families were checked cytologically; though all were diploids, in 7 families segregation into normal and desynaptic diploids was observed. In these 7 families 12 out of the 141 plants (8.51%) were partial desynaptics with 6-10 uni valents per cell. The meiotic behaviour of the univalents was erratic during the subsequent stages and hence the plants were partially sterile producing 150-200 grains per ear. Seven of the 52 plants, raised from the selfed seed of the partial desynaptics were found to be total desynaptic carrying 14 univalents in all pollen mother cells, while the remaining 45 were partially desynaptic. No aneuploids were recovered in the progeny. In subsequent selfed generations of the fertile diploid sibs again partial desynaptics segregated. In one such family of 37 plants 16 were partially desynaptic representing 43.8%. Thus the segregation of desynap tic types did not fit into any simple Mendelian ratio suggesting a polygenic control.
During further studies in the sib family of hairy phenotype of the same stock, plants with pollen mother cells having 2-7 nuclei in one large cytoplasmic mass were noticed; the pollen mother cells with two nuclei completed meiosis while those with more than two nuclei were rarely seen developing beyond pachytene stage. Each nucleus had only 14 chromosomes of which 6-8 remained as univalents.
ii. Triploid: Pairing was normal at pachytene. At diakinesis the number of trivalents per cell varied from I to 7; however, the percentage of cells with seven trivalents was only two. The overall pairing revealed a low frequency of trivalents and a high frequency of univalents (Table 1 -2). The plant did not set seed on selling but a few seed was collected from the open pollinated ears. Only one seed germinated; the plant was a trisomic (2n+1=15) with normal pairing.
iii. Tetraploids: As already mentioned, the five tetraploids were divided into two groups-one hairless plant with low pairing and poor seed set (partially de synaptic) and four hairy plants with high pairing and better seed set.
Detailed cytological study of the hairless tetraploid plant revealed complete pairing at pachytene (Fig. 2 ) but large number of univalents at diakinesis (Fig. 4 ) and metaphase I (Table 1-3) . The quadrivalents and bivalents were mostly of chain types (Fig. 5 ) and the mean chiasma frequency was a little higher than in normal diploids. The plant did not set seed on selfing but seven grains were col lected from the open pollinated ears. Only two germinated and were tetraploids In the second group of tetraploids quadrivalent frequency was high; univalents occurred with a low frequency. Ring type of quadrivalents and bivalents were frequent (Fig. 3) . Mean chiasma frequency was almost double the value in diploids. Three of the four hairy tetraploids, though produced several tillers, did not produce any ears other than the one on the main culm and no seed could be obtained from them. Of the few seed collected from the fourth plant only seven germinated; all were eutetraploids with high chromosome pairing as the parent. Three of them died soon after flowering and the data on the meiotic behaviour of two of the sur viving plants are summarised in the from each family, were studied at meiosis. All of them were tetraploids with 2n=28, and showed high pairing. The data on the frequencies of various associ ations and the mean chiasmata of one representative from each family are sum marised in the Table 1 -plants 7, 8, 9, 10 and 12. As in their parents, slight differ ences were noticed in the mean chiasma frequencies, the frequencies of univalents, bivalents and quadrivalents between these plants also. But in no plant the uni valent frequency was as high as in the first group of tetraploids. The mean number of chiasmata per cell varied from 20.86 to 24.86, thus showing a tendency towards reduction in the mean chiasmata frequencies when compared to their parents. Metaphase I orientation was normal in the high pairing family (Fig. 6 ) while often clumped metaphase I plates were encountered in the desynaptic family. Chro mosome segregation was 14-14 in 70% of the cells at anaphase I in the high pairing family, while in the low pairing family such segregation occurred only in about 55 of cells, whereas in the rest 45% irregular segregations like 13-15 and 12-14 oc curred. One to two laggards were seen in all tetraploids at anaphase II and often the lagging chromosomes were not included in the telophase II nucleus.
Pollen stainability
Pollen stainability was very high in the fertile diploids. In the triploid only 10% of the pollen stained. In the fertile family of tetraploids stainability varied from 21.81 to 68.5%, while only 12.3% of the pollen was stainable in the low pair-Cytologia 43 ing family, and also seed setting was almost nil indicating female sterility. The number of seed per ear varied from 25 to 150 in the fertile family.
Incompatibility
Attempts were made to produce triploids by crossing the tetraploids to their diploid sibs. In the crosses involving the tetraploids as the female parent a few seed was set but all were tetraploids and in the reciprocal crosses only diploids were obtained. This might be due to the selfing of the female parent subsequent to the failure of the male parent pollen to effect fertilization. Thus the tetraploid and diploid crosses were incompatible.
Discussion
The occurrence of polyploids in the selfed progenies of the diploids suggests the formation and functioning of diploid gametes, which can arise from unreduced pollen mother cells and megaspore mother cells. In addition, in this line IP 482, the two nucleate pollen mother cells in some plants could be the source of diploid male gametes. Same type of abnormality, if it occurs on the female side, can ac count for the origin of diploid eggs also. Krishnaswamy and Rangaswami Ayyangar (1941) and Pantulu (1968) de scribed chromosome pairing in autotriploid pearl millet in which they reported high frequency of trivalents; the mean frequency of trivalents per cell was 5.0 and 6.35 respectively. Pantulu (1968) reported the occurrence of seven trivalents per cell in 50% of PMCs; in the present material only 2% of PMCs had seven trivalents and the mean number of trivalents per cell was 4.37. Similarly mean number of chiasmata per cell was significantly lower than that reported by Pantulu. There fore, it can be concluded that the triploid described now is a partial desynaptic.
In the hairy tetraploids reported now the mean quadrivalent frequencies are close to the values reported earlier in autotetraploids of P. typhoides (Table 2) , while in the non-hairy tetraploids the pairing was quite low. Coupled with this the latter have a high frequency of univalents and a low frequency of chiasmata; thus the hairless tetraploids are also to be regarded as partial desynaptics.
Desynapsis and asynapsis in several plant species has been reported to be a mono or digenic recessive condition (Riley and Law 1965, Gottschalk 1975) . How ever, the pattern of segregation of partial desynaptic condition in diploid IP 482 suggests that the abnormality is not due to a single or a few recessive genes, but might be the result of segregation of a particular homozygous gene combination produced as a consequence of continued inbreeding. Pantulu and Manga (1972) also arrived at the same conclusion regarding the inheritance of partial desynapsis in several inbred lines of P. typhoides. Continued inbreeding resulted in a re duction of chiasma frequency and considerable asynapsis in rye; this behaviour is known to be under polygenic control (Rees 1961) . Partial desynapsis among the autopolyploids can be attributed to the same cause. Autopolyploids arising from desynaptic diploids are expected to be desynaptic as well.
The cytogenetic features of normal tetraploids are compared with those of earlier reports (Table 2) . In all tetraploids the mean frequency of quadrivalents in early generations is less than 50% of the potential quadrivalents and there is an increase in bivalent frequency in later generations. However, a difference is evident among the different tetraploid lines in other characters like their crossability with diploids, frequency of aneuploids in the progeny and reversion to diploidy. It is probable that all these characters are under genetic control and the differences among the tetraploid lines can be attributed to genetic differences among the diploids from which the tetraploids were derived.
Summary
In an inbred line of Pennisetum typhoides Stapf et Hubb. (2n=14) being main tained by regular selfing, several tetraploids and one triploid were located. Some of the tetraploids were moderately fertile but one tetraploid and the triploid were highly sterile. Chromosome pairing was studied in detail in these polyploids and their progeny as well as in their diploid sibs. The results presented in this indicate that 1) the differences in pairing among the sibs can be attributed to the segregation of desynaptic gene combinations, and 2) that polyploid types originated from cytological errors in diploids.
